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Kronometrik Nivelman Yontemi ile Espotansiyel Yiizeylerin Belirlenmesi
Determination of Equipotential Surfaces by Chronometric Leveling Method
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Ozet

Espotansiyel ylizeylerin belirlenmesine iliskin geleneksel yontemler gravite ve yiikseklik dlcmelerine
dayanmaktadir. Bu yaklasimlar yola bagimli olarak biriken hatalar barindirirken, yiizey bilgisinin farkli
veri kombinasyonlari ile dolayl1 olarak elde edilmesi de hata birikimini artirmaktadir. Konvansiyonel
yontemlerin énemli sorunlar1 arasinda arazi kosullart nedeniyle 6lgmelerin artmasina bagli olarak artan
isglicii ve hata miktar1 yer almaktadir. Farkli yiikseklik sistemlerinin birlestirilmesi ise yiikseklik
belirleme calismalarinin bir diger giincel sorunudur. Ulusal yiikseklik sistemleri arasindaki datum
farkliliklar1 desimetreler mertebesine ulagabilmektedir. Bu baglamda yiiksek dogruluga sahip bir kiiresel
yiikseklik referans sisteminin belirlenmesi onemli bir ihtiyagtir. Jeodezi’nin giincel konulari arasinda
yer alan bu problemler i¢in farkli ¢6ziim yontemleri 6nerilmektedir. Giiniimiizde giincel caligsmalarin
yogunlastig1 yontemlerden birisi de kronometrik nivelman yontemidir.

Kronometrik nivelman yontemi Einstein’in Genel Gorelilik Teorisi’nin bir sonucu olarak 1986 yilinda
Bjerhammar tarafindan Onerilmistir. Teoriye gore uzay-zaman geometrisi kiitle tarafindan
belirlenmektedir. Ayn1 kiitlegekimsel potansiyele sahip yiizeyler, ayn1 uygun zamani (proper time)
Olcerler. Boylece yliksek hassasiyette zaman Olgmeleri, espotansiyel ylizeyler arasindaki potansiyel
farkin belirlenmesini miimkiin hale getirir.

Gorelilik etkilerinin gdzlemlenmesini miimkiin kilacak araglarin gelisimi son yillarda artmaktadir. Optik
spektrumda yiiksek frekans gozlemleri yapmayr miimkiin kilan gelismeler neticesinde optik atom
saatleri, yiiksek dogruluklu ve kararli olacak sekilde gelistirilmektedir. Optik atomik saatleri
kullanilarak optik fiber iletim teknolojisi aracilifiyla 107'® mertebesinde frekans karsilagtirma
prezisyonunun elde edilmesi yapilan bir¢ok ¢alisma ile goriilmiistiir. Giiniimiizde frekans farki belirleme
prezisyonu Av/v = 1078 olan bir optik atomik saat ile, yercekimi ivmesi g=10 m/s? ve c= 300 000 000
m/s olmak {iizere; yaklasik 1 santimetrelik yiikseklik degisimlerini belirlemek miimkiin hale gelmistir.
Geleneksel yontemlere iliskin zorluklarin asilmasina doniik motivasyon ile birlikte bu gelismeler
kronometrik nivelman yéntemini yeniden, uygulamali olarak giindeme getirmistir.

Bu kapsamda Kiiresel Birlesik Yiikseklik Sistemi ve cm geodi belirleme problemleri konusunda
kronometrik nivelman, ¢oziim iiretebilecek yontemlerden birisi olarak IAG’nin giindemine aldig1 bir
konu olmustur. Ayrica frekans transfer teknikleri ve atom saati aglar iizerine calismalar yiiriitilmeye
devam etmektedir. Optik fiber frekans karsilastirma aglarmmin yani sira, tasinabilir atom saati
uygulamalar1 ve GNSS frekans transfer teknikleri iizerine ¢aligmalar da siirdiiriilmektedir.

Bu ¢alisma kapsaminda kronometrik nivelman yontemi hakkinda literatiir verisi ile birlikte Avrupa
Kitas1 o6lcegindekiler yogunluklu olmak iizere yapilan caligmalar incelenmis ve yoOntemin ulusal
yiikseklik sistemine saglayabilecegi olas1 katkilar ele alinmustir.

Anahtar Kelimeler: Relativistik Jeodezi, Kronometrik Nivelman, Geoit Belirleme, Espotansiyel Yiizey,
Atomik Saat

Abstract

Traditional methods for determining equipotential surfaces are based on gravity and height
measurements. While these approaches contain errors that accumulate depending on the path, obtaining
surface information indirectly with different data combinations also increases the error accumulation.
Among the important problems of conventional methods are the increased workforces and error amount
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due to the increase in measurements as a result of field conditions. Unification of different height
systems is another current problem of height determination studies. The datum differences between
national height systems can reach the order of decimetres. In this context, it is an important requirement
to determine a high-accuracy global height reference system. Different solution methods are suggested
for these problems, which are among the current topics of geodesy. One of the methods that current
studies concentrate on is the chronometric leveling method.

The chronometric leveling method was proposed by Bjerhammar in 1986 as a result of Einstein's
General Theory of Relativity. According to the theory, the geometry of space-time is determined by
mass. Surfaces with the same gravitational potential measure the same proper time. Thus, high-precision
time measurements make it possible to determine the potential difference between equipotential
surfaces.

The development of tools that make it possible to observe the effects of relativity has been increasing in
recent years. As a result of the developments enabling make high frequency observations in the optical
spectrum, optical atomic clocks are developed to be highly accurate and stable. Obtaining frequency
comparison precision of the order of 10'® by means of optical fiber transmission technology using
optical atomic clocks has been seen in many studies. Today, with an optical atomic clock with frequency
difference determination Av/v = 107'%, gravitational acceleration g=10 m/s*> and c= 300 000 000 m/s; It
has become possible to detect height changes of about 1 centimeter. Together with the motivation to
overcome the difficulties related to traditional methods, these developments revive practically the
chronometric leveling method again.

In this context, chronometric leveling method for the Unification of Unified Global Height Reference
System and cm geoid determination problems has been a topic that IAG has taken to its agenda as one
of the methods that can solve these. In addition, studies on frequency transfer techniques and atomic
clock networks continue to be carried out. In addition to optical fiber frequency comparison networks,
studies on portable atomic clock applications and GNSS frequency transfer techniques also carry on.

Within the scope of this study, the literature data about the chronometric leveling method, as well as the
studies on the European Continent scale, were examined and the possible contributions of the method
to the Turkey National Height System were discussed.
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